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COPOLYMERS COMPRISING 
BRANCHED OLEFIN AND VINYL ETHER UNITS 

STATEMENT OF RELATED APPLICATION 

[0001] This application claims the benefit of priority to U.S. provisional patent 
application number 60/491,460 filed July 31, 2003, which is incorporated herein by 
reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] As is well known, polymers are molecules containing one or more chains, which 
contain multiple copies of one or more constitutional units. An example of a common 

-f"*— fir 

polymer is polystyrene , where n is an integer, typically an integer of 1 0 or 

more, more typically on the order of 10's, 100's, 1000's or even more, in which the 

H 2 C:^=|H 



3 T 

constitutional units in the chain correspond to styrene monomers: HC ^clf CH (i.e., they 
originate from, or have the appearance of originating from, the polymerization of styrene 
monomers, in this case the addition polymerization of styrene monomers). 
[0003] Copolymers are polymers that contain at least two dissimilar constitutional units. 
Copolymers are an important class of polymers and have numerous commercial 
applications. For instance, their unique properties, whether in pure form, in blends, in 
melts, in solutions, etc., lead to their use in a wide range of products, for example, as 
compatiblilizers, adhesives, dispersants and so forth. Because each copolymer has its 
own unique properties, there is a continuing need for novel copolymers, which can be 
used in products such as those above. 
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SUMMARY OF THE INVENTION 

[0004J According to an aspect of the present invention, a copolymer is provided, which 
comprises: (a) a plurality of constitutional units that correspond to one or more branched 
olefin monomer species and (b) a plurality of constitutional units that correspond to one 
or more vinyl ether monomer species, which vinyl ether monomer species are selected 
from (i) hydrolysable vinyl ether monomer species and (ii) elevated-T g vinyl ether 
monomer species. 

[0005] In certain embodiments, the copolymer is a block copolymer that comprises: (a) 
one or more olefin blocks that comprise a plurality of constitutional units corresponding 
to the one or more branched olefin monomer species and (b) one or more vinyl ether 
blocks that comprise a plurality of constitutional units corresponding to the one or more 
vinyl ether monomer species. 

10006] In certain other embodiments, the copolymer is a block copolymer of the formula 
X(POL-C-PVE) n , where X corresponds to an initiator species, C corresponds to a capping 
species, POL is an olefin block that comprises a plurality of constitutional units 
corresponding to the one or more branched olefin monomer species, PVE is a vinyl ether 
block that comprises a plurality of constitutional units corresponding to the one or more 
vinyl ether monomer species, and n is a positive whole number ranging from 1 to 5. 
[0007] In embodiments where one or more hydrolysable vinyl ether monomer species are 
incorporated into the copolymer, at least a portion of the vinyl ether monomer species 
may be hydrolyzed to form hydroxyl groups. 

(0008] According to another aspect of the present invention, a copolymer is provided, 
which comprises: (a) a plurality of constitutional units that correspond to one or more 
branched olefin monomer species and (b) a plurality of constitutional units that 
correspond to vinyl alcohol. 

[0009] In certain embodiments, the copolymer is a block copolymer that comprises: (a) 
one or more olefin blocks that comprise a plurality of constitutional units corresponding 
to the one or more branched olefin monomer species and (b) one or more vinyl alcohol 
blocks that comprise a plurality of constitutional units corresponding to vinyl alcohol. 
[0010] In certain other embodiments, the copolymer is a block copolymer of the formula 
X(POL-C-PVA) n , where X corresponds to an initiator species, C corresponds to a capping 
species, POL is an olefin block that comprises a plurality of constitutional units 
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corresponding to the one or more branched olefin monomer species, PVA is a vinyl 
alcohol block that comprises a plurality of constitutional units corresponding to vinyl 
alcohol, and n is a positive whole number ranging from 1 to 5. 
[0011 J In some instances, the copolymer (for instance, the vinyl alcohol block) further 
comprises a plurality of constitutional units that correspond to one or more non- 
hydrolysable vinyl ether monomer species. 

[0012] Other aspects of the present invention are directed to a method of making 
copolymers. The method comprises: (a) providing a carbocationically terminated 
polymer comprising one or more olefin blocks; (b) contacting the carbocationically 
terminated polymer with a capping species that does not homopolymerize under the 
reaction conditions employed, thereby forming an end-capped carbocationically 
terminated polymer; and (c) contacting the end-capped carbocationically terminated 
polymer with one or more vinyl ether monomer species under reaction conditions that are 
of lower Lewis acidity than the reaction conditions of step (b). 

[0013] In embodiments where one or more hydrolysable vinyl ether monomer species are 
incorporated into the copolymer, at least a portion of the vinyl ether monomer species 
may be hydrolyzed to form hydroxy! groups. 

[0014] The carbocationically terminated polymer of step (a) may be formed, for 
example, from a reaction mixture that comprises: (i) a solvent system, (ii) one or more 
branched isoolefm monomer species, (iii) an initiator selected form an organic ether, an 
organic ester, an organic alcohol, and an organic halide, and (iv) a Lewis acid, for 
example, TiCU.[0015]n advantage of the present invention is that novel elastomeric 
copolymers can be produced, which can be used in a variety of commercial applications. 
[0016]Another advantage of the present invention is that novel copolymers can be 
produced, which are capable of being hydrolyzed, thereby forming further novel 
polymers of increased hydrophilicity. 

[0017] The above and other embodiments, aspects and examples of the present invention 
will become readily apparent to those of ordinary skill in the art in view of the disclosure 
herein. 
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DETAILED DESCRIPTION OF THE INVENTION 

10018] In some aspects, the copolymers of the present invention comprise (a) a plurality 
of constitutional units that correspond to one or more branched olefin monomer species 
and (b) a plurality of constitutional units that correspond to one or more vinyl ether 
monomer species. The vinyl ether monomer species may be hydrolysable, have elevated 
T & characteristics, or a combination of both. Such vinyl ether monomer species are 
frequently hereinafter referred to as "elevated-T g /hydrolysable vinyl ether monomer 
species". Typically, each of these constitutional units occurs within the copolymer 
molecule at a frequency of at least 10 times, and more typically at least 50, 100, 500, 
1000 or more times. 

[0019] Examples of branched olefin monomer species for use in connection with the 
present invention include C4 to C14 branched olefins, for example, C4 to C10 isoolefins 
such as isobutylene, 3-methyM-butene, 4-methyl-l-pentene and beta-pinene. 
[0020] Examples of vinyl ether monomer species having elevated T g characteristics 
(referred to herein as "elevated-T g vinyl ether monomer species") include tert-butyl vinyl 
ether, tert-butyldimethylsilyl vinyl ether, benzyl vinyl ether, cyclohexyl vinyl ether and 
neopentyl vinyl ether. By "elevated-Tg vinyl ether monomer species" is meant that a 
vinyl ether homopolymer formed from the monomer species displays a glass transition 
temperature (Tg), as measured by any of a number of techniques including differential 
scanning calorimetry (DSC), dynamic mechanical analysis (DMA), or dielectric analysis 
(DEA), that is above room temperature (i.e., 25°C). 

[0021] Examples of vinyl ether monomer species that are hydrolysable (referred to herein 
as "hydrolysable vinyl ether monomer species") include tert-butyl vinyl ether, benzyl 
vinyl ether and tert-butyldimethylsilyl vinyl ether. A "hydrolysable vinyl ether monomer 
species" is a vinyl ether monomer species whose ether groups can be hydrolyzed to 
alcohol groups under the influence of acids or bases. 

[0022] In certain embodiments, the copolymers of the present invention further include a 
plurality of units that correspond to one or more non-hydrolysable vinyl ether monomer 
species, in addition to units that correspond to one or more hydrolysable vinyl ether 
monomer species. Examples of such monomer species include cyclohexyl vinyl ether 
and neopentyl vinyl ether. [0023]The copolymers of the present invention embrace a 
variety of configurations, for example, cyclic, linear and branched configurations. 
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Branched configurations include star-shaped configurations (e.g., configurations in which 
three or more chains emanate from a single region), comb configurations (e.g., graft 
copolymers having a main chain and a plurality of side chains), and dendritic 
configurations (including arborescent or hyperbranched copolymers). The copolymers of 
the present invention embrace (a) copolymers comprising one or more chains containing 
repeating constitutional units of a single type (e.g., block copolymers), (b) copolymers 
comprising one or more chains containing randomly distributed constitutional units of 
two or more types (e.g., random copolymers), (c) copolymers comprising one or more 
chains containing two or more types of constitutional units that repeat within an ongoing 
series (e.g., alternating copolymers), and so forth. 

[0024]For example, in certain beneficial embodiments, the copolymers of the present 
invention are block copolymers containing (a) one or more olefin blocks, which contain a 
plurality of units corresponding to one or more branched olefin monomer species and (b) 
one or more vinyl ether blocks, which contain a plurality of units that correspond to one 
or more eIevated-T g /hydrolysable vinyl ether monomer species. Examples of branched 
olefin monomer species and elevated-T g /hydrolysable vinyl ether monomer species are 
discussed above. As above, in some embodiments, the vinyl ether blocks can further 
contain a plurality of units that correspond to one or more non-hydrolysable vinyl ether 
monomer species (see above examples of the same), in addition to units that correspond 
to one or more hydrolysable vinyl ether monomer species. 

The number average molecular weight (Mn) of the block copolymers of the present 
invention typically range, for example, from about 1000 to about 2,000,000, more 
typically from about 10,000 to about 300,000, even more typically 50,000 to 150,000, 
with the vinyl ether units typically comprising 5-75 mol%, more typically 10-50 mol%, 
even more typically 20-30 mol% of the polymer. In some embodiments, polymers have a 
narrow molecular weight distribution such that the ratio of weight average molecular 
weight to number average molecular weight (Mw/Mn) (i.e., the polydispersity index) of 
the polymers ranges from about 1 .0 to about 1 .5, or even from about 1 .0 to about 1 .2. 
[0025]Living polymerization, i.e., a polymerization that proceeds in the practical absence 
of chain transfer and termination, is a desirable objective in polymer synthesis. Living 
polymerizations can yield polymers with well-defined structures as well as controlled 
molecular weight, molecular weight distribution and end functionalities. 
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[0026] In some embodiments of the present invention, block copolymers are formed by 
the sequential monomer addition technique using (a) branched olefin monomer species 
(e.g., isobutylene) and (b) elevated-T g /hydrolysable vinyl ether monomer species (e.g., 
benzyl vinyl ether, cyclohexyl vinyl ether, neopentyl vinyl ether, t-butyl vinyl ether, tert- 
butyldimethylsilyl vinyl ether, and combinations thereof). Since the reactivity of the 
vinyl ether and the branched olefin monomer species are frequently drastically different, a 
simple sequential monomer addition technique cannot be used in many instances. 
[0027] Accordingly, copolymers in accordance with the present invention are made in 
some embodiments by a process that includes; (a) providing a polymer that contains one 
or more carbocationically terminated olefin blocks, which blocks further contain a 
plurality of units that correspond to one or more branched olefin monomer species; (b) 
contacting the carbocationically terminated polymer with a capping species that does not 
homopolymerize under the reaction conditions employed, thereby forming an end-capped 
carbocationically terminated polymer; and (c) contacting the end-capped 
carbocationically terminated polymer with one or more elevated-Tg /hydrolysable vinyl 
ether monomer species under reaction conditions that are of lower Lewis acidity than the 
reaction conditions of step (b). For example, as discussed further below, Lewis acidity in 
step (b) can be established by including TiCU as a Lewis acid, and the Lewis acidity in 
step (c) can be lowered by the addition of a titanium tetraalkoxide. 
[0028] In many embodiments, the carbocationically terminated polymer is formed at low 
temperature from a reaction mixture that comprises: (a) a solvent system appropriate for 
cationic polymerization, (b) one or more branched olefin monomer species, (c) an 
initiator, and (d) a Lewis acid coinitiator. In addition, a proton-scavenger is also typically 
provided to ensure the practical absence of protic impurities, such as water, which can 
lead to polymeric contaminants in the final product. 

[0029] Polymerization can be conducted, for example, within a temperature range of 
from about 0°C to about -100°C, more typically from about -50°C to -90°C. 
Polymerization times are typically those times that are sufficient to reach 90%, 95%, 99% 
or even higher conversions of the olefin monomer species to polymer. 
[0030] Among the solvent systems appropriate for cationic polymerization, many of 
which are well known in the art, are included: (a) CI to C4 halogenated hydrocarbons, 
such as methyl chloride and methylene dichloride, (b) C5 to C8 aliphatic hydrocarbons, 
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such as pentane, hexane, and heptane, (c) C5 to CIO cyclic hydrocarbons, such as 
cyclohexane and methyl cyclohexane, and (d) mixtures thereof. For example, in some 
beneficial embodiments, the solvent system contains a mixture of a polar solvent, such as 
methyl chloride, methylene chloride and the like, and a nonpolar solvent, such as hexane, 
cyclohexane or methylcyclohexane and the like. 

[0031 J Initiators for living carbocationic polymerization are commonly organic ethers, 
organic esters, organic alcohols, or organic halides, including tert-ester, tert-ether, tert- 
hydroxyl and tert-halogen containing compounds. Specific examples include alkyl cumy) 
ethers, cumyl halides, alkyl cumyl esters, cumyl hydroxyl compounds and hindered 
versions of the same, for instance, dicumyl chloride and 5-tert-butyl,l,3-dicumyl chloride. 
Carbocationically terminated star polymers can be formed by selecting initiators having 
three or more initiation sites, for example, tricumyl chloride (i.e., l,3,5-tris(l-chloroy-l- 
methylethyl)benzene), which contains three initiation sites. 
[0032] Examples of Lewis acid coinitiators include metal halides such as boron 
trichloride, titanium tetrachloride and alkyl aluminum halides. The Lewis acid coinitiator 
is typically used in concentrations equal to or greater, e.g., 2 to 50 times greater, than the 
concentration of the initiator. 

[0033] Examples of proton-scavengers (also referred to as proton traps) include 
substituted or unsubstituted 2,6-di-tert-butylpyridines, such as 2,6-di-terf-butylpyridine 
and 4-methyl«2,6-di-tert-butylpyridine, as well as l,8-bis(dimethyIamino)-naphthalene 
and diisopropylethyl amine. The concentration of the proton trap is preferably only 
slightly higher than the concentration of protic impurities such as water in the 
polymerization system. 

[0034] Regardless of the synthesis technique utilized for forming the carbocationically 
terminated polymer, once a desired living carbocationically terminated polymer is 
obtained, a capping species that does not homopolymerize under the reaction conditions 
employed (e.g., the reaction conditions utilized in forming the carbocationically 
terminated polymer) is contacted with the carbocationically terminated polymer in some 
embodiments, thereby forming an end-capped carbocationically terminated polymer. 
Examples of capping species for this purpose include diary I alkenes such as substituted or 
unsubstituted diphenyl ethylenes, for instance, diphenyl ethylene or ditolyl ethylene. It is 
believed that these compounds do not polymerize due to steric hindrance; however, they 
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do form stable carbocations with the carbocationically terminated polyolefin. In general, 
the diaryl alkylene species is added to the polymerization media in concentrations equal 
up to about 10 times the concentration of the living chain ends, preferably about 1 to 
about 5 times the concentration of the living chain ends, even more preferably about 2 
times the concentration of the living chain ends. The diaryl alkylene species is allowed to 
react with the living polymer for a time sufficient to result in the desired degree of chain 
capping, typically 90% capping, 95% capping, 99% capping, or even more. 
[0035] The resulting end-capped carbocationically terminated polymer is then contacted 
with at least one elevated-T g /hydrolysable vinyl ether monomer species, under conditions 
of suitable Lewis acidity, to produce block copolymers in accordance with the present 
invention. In certain embodiments, at least one non-hydrolysable vinyl ether monomer 
species, for example, cyclohexyl vinyl ether and/or neopentyl vinyl ether, is employed in 
addition to the hydrolysable vinyl ether monomer species, for example, by adding this 
monomer species either concurrently with the hydrolysable monomer species, or adding 
these monomer species sequentially. Polymerization times are those sufficient to reach 
the desired conversion of the vinyl ether monomer species to polymer, which is typically 
80%, 90%, 95%, 99% or more. 

[0036] As indicated above, when working with vinyl ether monomer species, the Lewis 
acidity is typically reduced relative to the reaction conditions that existed earlier (e.g., the 
conditions associated with end-capping). By decreasing the Lewis acidity, side reactions 
are minimized, and polymerization is better controlled, leading to high blocking 
efficiency. One suitable method for reducing Lewis acidity is to add a metal alkoxide 
species, for example, a titanium alkoxide species such as Ti[OCH(CH 3 )2]4, 
Ti[0(CH2)3CH 3 ] 4 , or similar organotitanium species. The amount added generally 
depends on the reactivity of the vinyl ether monomer species. Another suitable 
technique for reducing Lewis acidity is to replace the existing Lewis acid with a weaker 
Lewis acid as is known in the art. For example, TiCL, can be replaced with a weaker 
Lewis acid such as SnCL*. 

[0037] Further information regarding the preparation of block copolymers from monomer 
species that have significantly different reactivities, can be found, for example, in U.S. 
Patent No. 5,428,1 1 1 , U.S. Patent No. 5,637,647, and U.S. Patent No. 5,677,386. 
[0038] A variety of block copolymers can be formed using the above techniques. For 
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example, block copolymers of the formula X(POL-C-PVE) D are formed in various 
embodiments, where X corresponds to the initiator species, C corresponds to the capping 
species, POL is an olefin block, PVE is a vinyl ether block, and n is a positive whole 
number. Linear block copolymers are formed where n=l or n=2. Where n=2, the 
copolymers are sometimes referred to as triblock copolymers. This terminology 
disregards the presence of the initiator, for example, treating POL-X-POL as a single 
olefin block, with the triblock therefore denoted as PVE-POL-PVE. Star shaped 
copolymers are formed where n=3 or more. The value of n is typically dictated by the 
functionality of the initiator molecule, with monofunctional initiators corresponding to 
n=l, difunctional initiators corresponding to n=2, and so forth. As noted above, the 
olefin block(s) will contain a plurality of constitutional units that correspond to one or 
more branched olefin species, while the vinyl ether block(s) will contain a plurality of 
constitutional units that correspond to one or more vinyl ether monomer species that are 
hydrolysable, have elevated T g characteristics, or a combination of both characteristics. 
[0039] In another aspect, at least a portion of the pendant hydrolysable ether units within 
the copolymers of the present invention are hydrolyzed to form pendant alcohol groups. 
Hydrolysis of the pendant ether groups is beneficially carried out, for example, by 
bubbling dry HBr gas through the polymer solution in methylene chloride or toluene (see 
Ohgi, H.; Sato, T. Macromolecules 1999, 32, 2403). Hydrolysis conditions and reaction 
times are typically sufficient to achieve 90%, 95%, 99% or even higher conversions of the 
pendant hydrolysable ether groups to alcohol groups. 

[0040] As a specific example, using the above technique, a block copolymer containing 
poly(branched olefin monomer) blocks and poly(hydrolysable vinyl ether monomer) 
blocks can be converted into a copolymer containing poly(branched olefin monomer) 
blocks and polyvinyl alcohol) blocks. 

[0041] The invention is further described with reference to the following non-limiting 
Examples. 
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EXAMPLES 

[0042JIn the examples that follow, molecular weight is measured by GPC (Gel 
Permeation Chromatography). Blocking efficiency was calculated based on chain end 
analysis by *H NMR spectroscopy. The proton trap was 2,6-di-tert-butyi-pyridine 
(DTBP). 

[0043)The strategy employed in these examples for the synthesis block copolymers is to 
cap the carbocationic polyisobutylene (PIB) chain end with 4,4'-dimethyl-l,l- 
diphenylethylene (also known as ditolyl ethylene or DTE): 

CH3 CH3 

PIB-CH2-<f-CH 2 ^+ + cH 2 =C(Tolyl) 2 ► 

CH3 CH3 

CH3 CH3 

PIB-CH2-(j:-CH2-C-CH2-C(Tolyl)2 + 
CH 3 CH 3 

and subsequently initiate vinyl ether polymerization from the generated stable diphenyl 
alkyl cation. Since the diphenyl alky! cation is stable and fully ionized, the Lewis acidity 
can be decreased to a desired level to control the rate of homopolymerization of t-butyl 
vinyl ether (tBVE) or tert-butyldimethylsilyl vinyl ether (SiVE), leading to near 100% 
crossover efficiency and a narrow molecular weight distribution. Crossover is initiation of 
polymerization from the living PIB chain end, literally crossing over from 
polyisobutylene to polyvinyl ether), hence the term "crossover". 
[0044] In the examples below, novel isobutylene-based block-copolymer thermoplastic 
elastomers are produced. Prior to the present work, all isobutylene-based block- 
copolymer thermoplastic elastomers known to the present inventors were based on 
styrene or styrene derivatives. Furthermore, all isobutylene-based block-copolymer 
thermoplastic elastomers known to the present inventors contained hydrophobic end- 
blocks, while in the examples below, the present inventors have demonstrated the 
formation of hydrophilic end-blocks via hydrolysis. The examples below also 
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demonstrate that it is possible to carry out efficient living polymerization of tert-butyl 
vinyl ether. In this regard, living polymerization of tert-butyl vinyl ether has been 
previously reported with ethyl aluminum sesquichloride, but the polymerization was 
impractically slow, with up to 60 hours being required. 

Example 1 

l0045JLow molecular weight (Mn=3,600) PIB was prepared using 2,4,4-trimethylpentyl 
chloride (TMPCI) as initiator, and when the isobutylene conversion reached 100%, 4,4'- 
dimethyl-l,l-diphenylethylene (DTE) was added. The reaction conditions were as 
follows: temperature=-80 °C, [TMPCI]=0.002M, isobutylene [IB]=0.1286M, 
PTBP]=0.004M, [TiCl4]=0.036M, solvent: methylene chloride/hexane (CH 2 C1 2 /Hex) 
40/60 v/v mixture. The IB polymerization time was 1 hr. DTE, predissolved in the 
CH 2 CI 2 /Hex 40/60 mixture, was added in 100% excess to the living end at -80 °C. The 
time for capping reaction was 1 hr. According to ! H NMR, capping was complete 
(100%). 

Example 2 

[0046]In these experiments different amounts of Ti[OCH(CH 3 ) 2 ] 4 , also referred to herein 
as Ti(OIp) 4 , were added before the addition of tert-butyl vinyl ether, but after the DTE 
capping reaction. The polymerization time for tB VE was 1 hour. The reaction conditions 
were the following: temperature=-80 °C, [TMPCI]=0.004M, [IB]=0.17M, 
[tBVE]=0.229M, [DTBP]=0.006M, [TiCU]=0.064M, solvent: methylene chloride/hexane 
(CH 2 CI 2 /Hex) 60/40 v/v mixture. In these experiments, the crossover efficiency increased 
with the ratio of [TKOlp^J/piCU], reaching 100% at [Ti(OIp)4]/[TiCl 4 ^l .2; meanwhile, 
the conversion decreased at higher [Ti(01p) 4 ]/[TiCL,] ratios, indicating decreased 
polymerization rate for tBVE . 
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TABLE 1 



[Ti(OIp) 4 ]/[TiCl4] 


Conversion of tBVE (%) 


Crossover efficiency (%) 


0.7 


84 


27 


0.8 


83 


33 


0.9 


86 


47 


1.0 


85 


88 


1.2 


95 


100 


1.4 


84 


100 


1.5 


86 


100 


1.6 


92 


100 


1.7 


82 


100 


1.8 


80 


100 


1.9 


88 


100 


2.0 


80 


100 


2.1 


68 


100 


2.2 


44 


100 


2.3 


25 


100 


2.4 


15 


100 


2.6 


3 


100 



Example 3 

[0047]In these experiments, after the DTE reaction, different amounts of Ti(OIp) 4 were 
added before the addition of tert-butyldimethylsilyl vinyl ether (SiVE). The 
polymerization time for SiVE was 1 hour. The reaction conditions were the following: 
temperature=-80 °C, [TMPC1]=0.004M, [IB]=0.17M, [SiVE]=0.145M, [DTBP]=0.006M, 
[TiCl4)=0.064M, solvent: methylene chloride/hexane (CH 2 CI 2 /Hex) 60/40 v/v mixture. In 
these experiments, the crossover efficiency increased with the ratio of [Ti(OIp) 4 ]/[TiCl4], 
reaching 100% at [Ti(OIp) 4 ]/[TiCl 4 ]>1.05; meanwhile, the conversion was very low at 
higher [Ti(OIp) 4 ]/[TiCl 4 ] ratios, indicating the very low polymerization rate of SiVE. 



TABLE 2 



[Ti(OIp) 4 l/rTiCl 4 l 


Conversion of SiVE (%) 


Crossover efficiency (%) 


0.7 


80 


16 


0.8 


82 


33 


! 0.9 


82 


43 


1.0 


85 


75 


1.05 


16 


100 


1.1 


8 


100 


1.2 


6 


100 
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Example 4 

[0048]In these experiments, lower initiator concentration was used. The reaction 
conditions were the following: temperature=-80 °C, [TMPC1]=0.002M, [JB]=0. 1 29M, 
[tBVE]=0.153M, [DTBP]=0.004M, [TiCU]=0.036M, solvent: methylene chloride/hexane 
(CH 2 Cl2/Hex) 40/60 v/v mixture. Different amounts of Ti(OIp) 4 were added before the 
addition of tBVE, but after the DTE reaction. The polymerization time for tB VE was 2 
hours. In these experiments, the crossover efficiency reached 100% for ail 
[Ti(OIp)4]/[TiCl4] ratios; meanwhile, the conversion was very low at higher 
[ri(OIp) 4 ]/[TiCl4] ratios, indicating that the polymerization rate of tBVE was slow. 
However, at low [Ti(OIp) 4 ]/[TiCl 4 ] ratios » * e molecular weight distributions were broad, 
showing higher rate of propagation over that of crossover. 



TABLE 3 



[Ti(OIp) 4 ]/[TiCl4] 


Conversion of tBVE 
(%) 


Crossover efficiency (%) 


1.5 


87 


100 


1.7 


89 


100 


1.8 


83 


100 


1.9 


91 


100 


2.0 


65 


100 


2.1 


62 


100 


2.2 


45 


100 


2.4 


26 


100 



Example 5 

[0049]In these experiments, lower initiator concentration was used. The reaction 
conditions were the following: temperature=-80°C, [TMPCI]=0.002M, [BB]=0.129M, 
[SiVE]=0.097M, [DTBP]=0.004M, [TiCU]=0.036M, solvent: methylene chloride/hexane 
(CH 2 C1 2 /Hex) 40/60 v/v mixture. Different amounts of Ti(OIp) 4 were added before the 
addition of tert-butyldimethylsilyl vinyl ether (SiVE), but after the DPE reaction. The 
polymerization time for SiVE was 2 hours. In these experiments, the crossover efficiency 
increased with the ratio of [Ti(OIp) 4 ]/[TiCU], reaching 100% at [Ti(OIp) 4 ]/[TiCI 4 ]>1.0; 
meanwhile, the conversion was very low at higher [ri(OIp) 4 ]/[TiCU] ratios, indicating 
that the polymerization of SiVE was very slow. 
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TABLE 4 



fTi(01p)4l/[TiCUl 


Conversion of SiVE (%) 


Crossover efficiency (%) 


0.6 


90 


51 


0.7 


94 


58 


0.8 


86 


72 


0.9 


95 


86 


1.0 


11 


100 


1.1 


11 


100 



Example 6 

[0050]In these experiments, homopolymerization of tBVE was carried out under similar 
conditions as in Example 4: temperature=-80 °C, [TMPC1]=0.002M, [tBVE]=0.765M, 
[DTBP]=0.004M, [TiCl4]=0.036H solvent: methylene chloride/hexane (CH 2 C1 2 /Hex) 
40/60 v/v mixture. As no IB was added, the obtained polymer was poly(t-butyI vinyl 
ether) (PtBVE). The [Ti(OIp) 4 ]/[TiCl4] was 2.0. 100% conversion was obtained after 4 
hours. As indicated by the polydispersity index (PDI) values, homopolymers had narrow 
molecular weight distribution. 



TABLE 5 



Time (hour) 


Conversion (%) 


PDI 


1/4 


22 


1.13 


1/2 


34 


1.13 


I 


61 


1.10 


2 


83 


1.20 


4 


100 


1.19 


6 


100 


1.16 


8 


100 


1.19 



Example 7 

[0051]In these experiments, methyl chloride was used instead of methylene chloride. The 
reaction conditions were the following: temperature=-80 °C, [TMPC1]=0.002M, 
tIB]=0.129M, [tBVE]=0.381M, [DTBP]=0.004M, [TiCU]=0.036M, solvent: methyl 
chloride/hexane (CH^Cl/Hex) 40/60 v/v mixture. Different amounts of Ti(OIp) 4 were 
added before the addition of tBVE, but after the DTE reaction. The polymerization time 
for tBVE was 2 hours. In these experiments, the crossover efficiency reached 100% for 
all [Ti(01p)4]/[TiCU] ratios studied; meanwhile, the conversion was very low at higher 
[Ti(OIp)4]/[TiCl4] ratios, indicating the polymerization rate of tBVE was slowed down. 
Different from Example 4, where methylene chloride/hexane mixtures were used, the 
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molecular weight distribution of thus obtained diblock copolymer were narrow even at a 
low [Ti(OIp)4]/|TiCl4] ratio of 1.4. 



TABLE 6 



[Ti(OIp)4l/fTiCm 


Conversion of tBVE (%) 


MWD 


1.4 


89 


1.06 


1.6 


90 


1.07 


1.7 


86 


1.04 


1.8 


77 


1.03 


1.9 


62 


1.04 


2.0 


33 


1.10 


2.2 


11 


1.09 



Example 8 

[0052]In this example the preparation of PtBVE-PIB-PtBVE triblock copolymers is 
described by using tert-buty Wicumylchloride (t-BudiCUCl) as initiator. The reaction 
conditions were the following: temperature=-80 °C, [t-BudiCUCl]=0.001 M, [ffi]=i.25 
M, [DTBP]=0.004 M, [TiCl4]=0.036 M, solvent: methylene chloride/hexane 
(CH 2 C1 2 /Hex) 40/60 v/v mixture. 

[0053] At the end of the IB polymerization (generally 100% conversion), DTE was added 
at a concentration of 0.004 M and allowed to react for 1 hour. It was followed by the 
introduction of Ti(OIp) 4 to reach a [Ti(OIp) 4 ]/[TiCl4] ratio of 2.0. The tBVE was added 
and polymerized for 6 hours to ensure 100% conversion. By varying the monomer species 
concentration, triblock copolymers were prepared with different lengths of center block 
and end blocks. 

[0054]The triblock molecular weights and MWDs were obtained using a Gel Permeation 
Chromotography on line Multiangle LASER Light Scattering Detector. The molecular 
weights and MWDs are in Table 7. The triblock compositions, also reported in Table 9, 
were calculated from the conversion and from proton NMR measurements. The triblock 
copolymers exhibited characteristic properties of thermoplastic elastomers, as shown in 
Table 8. 
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TABLE 7 



Sample 


Designed MW 


Triblock(GPC) 


PTBVE content 
(NMR) 


PTBVE content 
(calc) 


PIB/100 
0 


PTBVE/100 
0 


Mn/100 
0 


Mw/M 
n 


mol% 


Wt% 


mol % 


Wt. % 


A 


70 


2x9 


86.8 


1.38 


13 


22 


13 


21 


B 


70 


2 *20 


104.9 


1.34 


27 


39 


25 


38 


C 


70 


2* 15 


96.2 


1.43 


23 


34 


20 


31 



TABLE 8 



Sample 


100% 
modulus 
(psi) 


200% 
modulus 
(psi) 


300% 
modulus 
(psi) 


400% 
modulus 
(psi) 


500% 
modulus 
(psi) 


Tensile 
strength 
(psi) 


Elongation 
at break 

w 


A 


60 


72 


81 


93 


120 


619 


1464 


B 


410 


612 


825 


1070 


1250 


1947 


900 


C 


208 


250 


310 


390 


490 


1695 


1226 



Example 9 

[0055]In this example the preparation of PtBVE-PIB-PtBVE triblock copolymers is 
described by using tert-butyl-dicumylchloride (t-BudiCUCI) as initiator. This example is 
similar to Example 8 but methylene chloride was replaced by methyl chloride. The 
reaction conditions were the following: temperature=-80 °C, [t-BudiCUCl]=0.001 M, 
PB]=1.25 M, [DTBP]=0.004 M, [TiCU]-0.036 M, solvent: methyl chloride/hexane 
(CH 3 C1/Hex) 40/60 v/v mixture. 

[0056] At the end of the IB polymerization, DTE was added at a concentration of 0.004 M 
and allowed to react for 1 hour. It was followed by the introduction of Ti(OIp) 4 to reach a 

Ui(OIp) 4 ]/|TiCl4] ratio of 1 * 6 ' tBVE was added mi polymerized for 3 hours to ensure 
100% conversion. By varying the monomer species concentration, triblock copolymers 
were prepared with different lengths of center block and end blocks. 
[0057]Following the addition of Ti(01p) 4 , 1.0 or 2.0 ml samples were taken from the 
reaction flask to estimate the conversion of IB to PIB and to measure the molecular 
weight of the PIB middle segment. The conversion of IB was generally 100%. The PIB 
molecular weights and molecular weight distributions (MWDs) were calculated using PIB 
calibration. The triblock molecular weights and MWDs were obtained using a Gel 
Permeation Chromotography on line Multiangle LASER Light Scattering Detector. The 
molecular weights and MWDs are presented in Table 9. The compositions of the 
triblocks, also reported in Table 9, were calculated from the conversion and from *H 
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NMR measurements. The triblock copolymers exhibited characteristic properties of 
thermoplastic elastomers, as shown in Table 10. 



TABLE 9 



Sample 


PL 


B 


Triblock 


Size of 
PTBVE 
segments 


PTBVE content 
(NMR) 


PTBVE content 
(calc) 


Mn/1000 


Mw/Mn 


Mn/1000 


Mw/Mn 


mol % 


Wt.% 


mol % 


Wt% 


X 


69.4 


1.08 


110.5 


1.08 


2 x 20,6000 


27 


39 


25 


38 


Y 


66.6 


1.07 


96.4 


1.07 


2x14,900 


21 


33 


20 


31 


Z 


67.3 


1.06 


85.9 


1.08 


2 x 9,300 


15 


23 


13 


21 



1 


^ABLE 10 


Sample 


100% 
modulus 
(psi) 


200% 
modulus 
(psi) 


300% 
modulus 
(psi) 


400% 
modulus 
(psi) 


500% 
modulus 
(psi) 


Tensile 
strength 
(psi) 


Elongation at 
break (%) 


X 


340 


425 


625 


820 


1050 


1816 


760 


Y 


230 


285 


425 


625 


880 


2185 


800 


Z 


130 


170 


200 


250 


280 


1325 


1300 


Example 10 





The preparation of PSiVE-PIB-PSiVE triblock copolymers. 
[0058]Tert-butyl-dicumylchloride (t-BudiCUCl) was used as initiators. The reaction 
conditions were the following: temperature=-80 °C, [t-BudiCUCl]=0.001M, 
[IB]=1.286M, [DTBP]=0.004M, [TiCl 4 ]=0.036M, solvent: methylene chloride/hexane 
(CH 2 CI 2 /Hex) 40/60 v/v mixture. 

[0059] At the end of the IB polymerization, DTE was added and reacted for an hour. It 
was followed by the introduction of Ti(OIp) 4 to reach a [Ti(OIp) 4 ]/[TiCI 4 ] ratio of 0.9. 
The SiVE was added and polymerized for 2 hours. The obtained triblock copolymer was 
elastomeric. 

Example 1 1 

[0060] In these experiments, block copolymerization of IB with cyclohexyl vinyl ether 
(herein referred as CHVE), was conducted. The reaction conditions were as follows: 
temperature=-80 °C, [TMPC1]=0.002M, [IB]=0.1M, [CHVE]=0212M, [DTBP]=0.004M, 
[TiCU]=0.036M, pTE]=0.004M, solvent: methyl chioride/hexane (CH 3 C1/Hex) 40/60 
v/v mixture. Different amounts of Ti(OIp) 4 were added before the addition of CHVE, but 
after the DTE reaction. The polymerization time for CHVE was 2 hours. In these 
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experiments, the crossover efficiency reached 100% for all studied [Ti(OIp) 4 ]/[riCl 4 ] 
ratios; with the increase of [Ti(01p) 4 ]/[TiCl4] ratio, the PDI of the obtained polymer 
decreased, indicating better control over block copolymerization. 



TABLE 11 



tTi(OIp) 4 ]/[TiCU] 


Conversion of CHBVE 
(%) 


Crossover efficiency (%) 


PDI 


1.2 


99 


100 


1.54 


1.4 


100 


100 


1.15 


1.6 


99 


100 


1.08 


1.8 


94 


100 


1.06 


2.0 


62 


100 


1.07 



Example 12 

[0061] In these experiments, homopolymerization of CHVE was carried out under similar 
conditions as in Example 1 1 : temperature=-80 °C, [TMPC1]=0.002M, [CHVE]=0.53M, 
[DTBP]=0.004M, [TiCl 4 ]=0.036M, [DTE]=0.004M, solvent: methyl chloride/hexane 
(CH 3 C1/Hex) 40/60 v/v mixture. As no IB was added, the obtained polymer was 
poly(CHVE). The [Ti(OIp) 4 ]/[riCU] was 1.6. 100% conversion was obtained after 32 
min. The PDI of the samples decreased with conversion. 



TABLE 12 



Time (min) 


Conversion (%) 


PDI 


1.5 


14.0 


1.69 


3.6 


30.7 


1.26 


5.9 


46.5 


1.17 


9.3 


65.2 


1.15 


15.3 


78.7 


1.09 


31.9 


100 


1.11 


64 


100 


1.08 



Example 1 3 

[0062]ln these experiments, copolymerization of CHVE with tBVE was carried out under 
similar conditions as in Example 1 1 : temperature=-80 °C, [TMPCI]=0.002M, 
[CHVE]=0.05M, [tBVE]=0.15M, [DTBP]=0.004M, [TiCl4]=0.036M, [DTE]=0.004M, 
solvent: methyl chloride/hexane (CH 3 CI/Hex) 40/60 v/v mixture. As no IB was added, the 
obtained polymer was poly(CHVE-co-tBVE). The [Ti(OIp) 4 ]/[TiCl4] ratio was 1 .6. 
100% conversion was obtained after 1 .5 h. The PDI of the samples was <1.1. 
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TABLE 13 



Time (b) 


Conversion (%) 


PD1 


1 0.5 


92 


1.07 


1.5 


100 




3 


100 




5 


100 


1.06 



Example 14 

[0063] In this example the preparation of poly(CHVE^o-tBVE)-Pffi-poly(CHVE-co- 
tBVE) triblock copolymers is described by using tert-butyl-dicumylchloride (t- 
BudiCUCI) as initiator. The reaction conditions were the following: temperature=-80 °C, 
[t-BudiCUCl]=0.001 M, [IB]=1.25 M, [DTBP]=0.004 M, [TiCl 4 ]=0.036 M, solvent: 
methyl chloride/hexane (CH3C1/Hex) 40/60 v/v mixture. 

[0064] At the end of the IB polymerization (generally 100% conversion), DTE was added 
at a concentration of 0.004 M and allowed to react for 1 hour. It was followed by the 
introduction of Ti(OIp) 4 to reach a [Ti(OIp)4]/[TiCl4] ratio of 1.6. The monomer mixture 
of CHVE and tBVE (CHVE]=0.05M; [tBVE]=0.15M) was added and polymerized for 2 
hours to ensure 100% conversion. Thus the end blocks consisted of 75% of tBVE and 
25% of CHVE. The center P1B block had a M„ of 67.4 kg/mol (PDI=1 .09). The triblock 
copolymer had narrow molecular weight distribution (PDI=1.1 1) and exhibited good 
characteristics of a thermoplastic elastomer. By varying the monomer species 
concentration, triblock copolymers can be prepared with different lengths and 
compositions of end blocks. 

[0065] Although various embodiments are specifically illustrated and described herein, it 
will be appreciated that modifications and variations of the present invention are covered 
by the above teachings and are within the purview of the appended claims without 
departing from the spirit and intended scope of the invention. 
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IN THE CLAIMS: 

1 . A copolymer comprising (a) a plurality of constitutional units that correspond to one 
or more branched olefin monomer species and (b) a plurality of constitutional units that 
correspond to one or more vinyl ether monomer species, wherein the vinyl ether 
monomer species are selected from hydrolysable vinyl ether monomer species and 
elevated-Tg vinyl ether monomer species. 

2. The copolymer of claim 1, wherein said one or more branched olefin monomer species 
comprise an isoolefin. 

3. The copolymer of claim I, wherein said one or more branched olefin monomer species 
comprise isobutylene. 

4. The copolymer of claim 1, wherein said one or more vinyl ether monomer species 
comprise a hydrolysable vinyl ether monomer species. 

5. The copolymer of claim 4, wherein said one or more vinyl ether monomer species 
further comprise a non-hydrolysable vinyl ether monomer species. 

6. The copolymer of claim 1, wherein said one or more one or more vinyl ether monomer 
species comprise: (a) a hydrolysable vinyl ether monomer species selected from tert-butyl 
vinyl ether, benzyl vinyl ether and tert-butyldimethylsilyl vinyl ether, and (b) a non- 
hydrolysable vinyl ether monomer species selected from cyclohexyl vinyl ether and 
neopentyl vinyl ether. 

7. The copolymer of claim 1, wherein said one or more vinyl ether monomer species 
comprise an elevated-T g vinyl ether monomer species. 

8. The copolymer of claim 1, wherein said one or more vinyl ether monomer species 
comprise a vinyl ether monomer selected from tert-butyl vinyl ether, benzyl vinyl ether 
and tert-butyldimethylsilyl vinyl ether. 
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9. The copolymer of claim 1, wherein said one or more branched olefin monomer species 
comprise isobutylene, and wherein said one or more vinyl ether monomer species 
comprise a vinyl ether monomer selected from ten-butyl vinyl ether, benzyl vinyl ether 
and tert-butyldimethylsilyl vinyl ether. 

10. The copolymer of claim 1, wherein said copolymer is a block copolymer comprising: 
(a) one or more olefin blocks that comprise a plurality of constitutional units 
corresponding to said one or more branched olefin monomer species and (b) one or more 
vinyl ether blocks that comprise a plurality of constitutional units corresponding to said 
one or more vinyl ether monomer species. 

11. The copolymer of claim 1 0, wherein said one or more branched olefin monomer 
species comprise an isoolefin. 

12. The copolymer of claim 10, wherein said one or more branched olefin monomer 
species comprise isobutylene. 

13. The copolymer of claim 10, wherein said one or more vinyl ether monomer species 
comprise a hydrolysable vinyl ether monomer species. 

14. The copolymer of claim 13, wherein said one or more vinyl ether species further 
comprise a non-hydrolysable vinyl ether monomer species. 

1 5. The copolymer of claim 10, wherein said one or more vinyl ether monomer species 
comprise: (a) a hydrolysable vinyl ether monomer species selected from tert-butyl vinyl 
ether, benzyl vinyl ether and tert-butyldimethylsilyl vinyl ether, and (b) a non- 
hydrolysable vinyl ether monomer species selected from cyclohexyl vinyl ether and 
neopentyl vinyl ether. 

16. The copolymer of claim 10, wherein said one or more vinyl ether monomer species 
comprise an elevated-T g vinyl ether monomer species. 
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17. The copolymer of claim 10, wherein said one or more vinyl ether monomer species 
comprise a vinyl ether monomer selected from tert-butyl vinyl ether, benzyl vinyl ether 
and tert-butyldimethylsilyl vinyl ether. 

18. The copolymer of claim 10, wherein said one or more branched olefin monomer 
species comprise isobutylene, and wherein said one or more vinyl ether monomer species 
comprise a vinyl ether monomer selected from tert-butyl vinyl ether, benzyl vinyl ether 
and tert-butyldimethylsilyl vinyl ether. 

19. The copolymer of claim 1, wherein said copolymer is a block copolymer of the 
formula X(POL-C-PVE)n, where X corresponds to an initiator species, C corresponds to a 
capping species, POL is an olefin block that comprises a plurality of constitutional units 
corresponding to said one or more branched olefin monomer species, PVE is a vinyl ether 
block that comprises a plurality of constitutional units corresponding to said one or more 
vinyl ether monomer species, and n is a positive whole number ranging from 1 to 5. 

20. The copolymer of claim 1 9, wherein said one or more branched olefin monomer 
species comprise an isoolefin. 

21 . The copolymer of claim 19, wherein said one or more branched olefin monomer 
species comprise isobutylene. 

22. The copolymer of claim 19, wherein said one or more vinyl ether monomer species 
comprise a hydrolysable vinyl ether monomer species. 

23. The copolymer of claim 22, wherein said one or more vinyl ether monomer species 
further comprise a non-hydrolysable vinyl ether monomer species. 
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24. The copolymer of claim 23, wherein said one or more vinyl ether monomer species 
comprise: (a) a hydrolysable vinyl ether monomer species selected from tert-butyl vinyl 
ether, benzyl vinyl ether and tert-butyldimethylsilyl vinyl ether, and (b) a non- 
hydrolysable vinyl ether monomer species selected from cyclohexyl vinyl ether and 
neopentyl vinyl ether. 

25. The copolymer of claim 1 9, wherein said one or more vinyl ether monomer species 
comprise an e!evated-T g vinyl ether monomer species. 

26. The copolymer of claim 19, wherein said one or more vinyl ether monomer species 
comprise a vinyl ether monomer selected from tert-butyl vinyl ether, benzyl vinyl ether 
and tert-butyldimethylsilyl vinyl ether. 

27. The copolymer of claim 19, wherein said one or more branched olefin monomer 
species comprise isobutylene, and wherein said one or more vinyl ether monomer species 
comprise a vinyl ether monomer selected from tert-butyl vinyl ether, benzyl vinyl ether 
and tert-butyldimethylsilyl vinyl ether. 

28. The copolymer of claim 19, wherein n=l, 2 or 3. 

29. The copolymer of claim 19, wherein said initiator species is selected from an organic 
ether, an organic ester, an organic alcohol and an organic halide, 

30. The copolymer of claim 19, wherein said initiator species is selected from 2,4,4- 
trimethylpentyl chloride and tert-butyl-dicumylchloride. 

3 1 . The copolymer of claim 1 9, wherein said capping species is a substituted or 
unsubstituted diphenyl ethylene species. 

32. A method of making the block copolymer of claim 10, comprising: 

(a) providing a carbocationically terminated polymer comprising said one or more 
olefin blocks; 
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(b) contacting under reaction conditions said carbocationically terminated polymer 
with a capping species that does not homopolymerize under said reaction conditions, 
thereby forming an end-capped carbocationically terminated polymer; and 

(c) contacting said end-capped carbocationically terminated polymer with said one 
or more vinyl ether monomer species under reaction conditions having lower Lewis 
acidity than the reaction conditions of step (b). 

33. The method of claim 32, wherein the Lewis acidity in step (b) is provided by the 
presence of TiCl 4 , and wherein the Lewis acidity in step (c) is lowered by the addition of 
a titanium tetraalkoxide species. 

34. The method of claim 32, wherein said reaction conditions comprise a temperature 
between -50°C and -90°C. 

35. The method of claim 32, wherein said carbocationically terminated polymer is 
formed under reaction conditions from a reaction mixture that comprises: (i) a solvent 
system, (ii) one or more branched isoolefin monomer species, (iii) an initiator selected 
form an organic ether, an organic ester, an organic alcohol, and an organic halide, and (iv) 
a Lewis acid. 

36. The method of claim 35, wherein said solvent system comprises (a) a CI to C4 alkyl 
halide and (b) a C5 to CIO aliphatic or cycloaliphatic hydrocarbon. 

37. The method of claim 32, wherein said one or more vinyl ether monomer species 
within said block copolymer comprise a hydrolysable vinyl ether monomer species, and 
wherein said method further comprises hydrolyzing at least a portion of the constitutional 
units that correspond to one or more hydrolysable vinyl ether monomer species, thereby 
forming alcohol groups. 

38. The method of claim 32, wherein said one or more vinyl ether monomer species 
within said block copolymer comprise a hydrolysable vinyl ether monomer species and a 
non-hydrolysable vinyl ether monomer species, and wherein said method further 
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comprises hydrolyzing at least a portion of the constitutional units that correspond to one 
or more hydrolysable vinyl ether monomer species, thereby forming alcohol groups. 

39. The copolymer of claim 10, wherein said copolymer is a block copolymer comprising 
(a) one or more polyisobutylene blocks and (b) one or more vinyl ether blocks selected 
from poly(tert-butyl vinyl ether) blocks, poly(benzyl vinyl ether) blocks, and poly(tert- 
butyldimethylsilyl vinyl ether) blocks. 

40. The copolymer of claim 4, wherein at least a portion of said constitutional units that 
correspond to one or more hydrolysable vinyl ether monomer species are hydrolyzed. 

41. The copolymer of claim 13, wherein at least a portion of said constitutional units that 
correspond to one or more hydrolysable vinyl ether monomer species are hydrolyzed. 

42. The copolymer of claim 22, wherein at least a portion of said constitutional units that 
correspond to one or more hydrolysable vinyl ether monomer species are hydrolyzed. 

43. The copolymer of claim 5, wherein at least a portion of said constitutional units that 
correspond to one or more hydrolysable vinyl ether monomer species are hydrolyzed. 

44. The copolymer of claim 14, wherein at least a portion of said constitutional units that 
correspond to one or more hydrolysable vinyl ether monomer species are hydrolyzed. 

45. The copolymer of claim 23, wherein at least a portion of said constitutional units that 
correspond to one or more hydrolysable vinyl ether monomer species are hydrolyzed. 

46. The copolymer of claim 10, wherein said one or more vinyl ether blocks are random 
copolymer blocks and wherein said one or more vinyl ether monomer species comprise a 
hydrolysable vinyl ether monomer species and a non-hydrolysable vinyl ether monomer 
species. 
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47. The copolymer of claim 19, wherein PVE is a random copolymer block and wherein 
said one or more vinyl ether monomer species comprise a hydrolysable vinyl ether 
monomer species and a non-hydrolysable vinyl ether monomer species. 

48. The copolymer of claim 10, wherein said one or more olefin blocks are 
polyisobutylene blocks and wherein said one or more vinyl ether blocks are random 
poly(tert-butyl vinyl ether-co-cyclohexyl vinyl ether) blocks. 

49. The copolymer of claim 48, wherein at least a portion of the tert-butyl vinyl ether 
constitutional units are hydrolyzed. 

50. A copolymer comprising (a) a plurality of constitutional units that correspond to one 
or more branched olefin monomer species and (b) a plurality of constitutional units that 
correspond to vinyl alcohol. 

51. The copolymer of claim 50, wherein said one or more branched olefin monomer 
species comprise an isoolefin. 

52. The copolymer of claim 50, wherein said one or more branched olefin monomer 
species comprise isobutylene. 

53. The copolymer of claim 50, wherein said copolymer further comprises a plurality of 
constitutional units that correspond to one or more non-hydrolysable vinyl ether monomer 
species. 

54. The copolymer of claim 50, wherein said copolymer is a block copolymer 
comprising: (a) one or more olefin blocks that comprise a plurality of constitutional units 
corresponding to said one or more branched olefin monomer species and (b) one or more 
vinyl alcohol blocks that comprise a plurality of constitutional units corresponding to 
vinyl alcohol. 
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55. The copolymer of claim 54, wherein said one or more branched olefin monomer 
species comprise an isoolefin. 

56. The copolymer of claim 54, wherein said one or more branched olefin monomer 
species comprise isobutylene. 

57. The copolymer of claim 54, wherein said one or more vinyl alcohol blocks Anther 
comprise a plurality of constitutional units that correspond to one or more non- 
hydrolysable vinyl ether monomer species. 

58. The copolymer of claim 50, wherein said copolymer is a block copolymer of the 
formula X(POL-C-PVA) n , where X corresponds to an initiator species, C corresponds to a 
capping species, POL is an olefin block that comprises a plurality of constitutional units 
corresponding to said one or more branched olefin monomer species, PVA is a vinyl ether 
block that comprises a plurality of constitutional units corresponding to vinyl alcohol, and 
n is a positive whole number ranging from 1 to 5. 

59. The copolymer of claim 58, wherein said one or more branched olefin monomer 
species comprise an isoolefin. 

60. The copolymer of claim 58, wherein said one or more branched olefin monomer 
species comprise isobutylene. 

61. The copolymer of claim 58, wherein said vinyl ether block further comprises a 
plurality of constitutional units that correspond to one or more non-hydrolysable vinyl 
ether monomer species. 



27 



INTERNATIONAL SEARCH REPORT 



Interracial Application No 

PCT/US2004/024624 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 C08F210/10 C08F216/12 C08F297/00 C08F8/12 



According lo International Patent Oassilicalton (IPC) or to both national classification and IPC 



C08F216/06 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C08F 



Documentation searched other than minimum documentation to the extent that such documents are ncruded In the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 

EPO-Internal , CHEM ABS Data, WPI Data, PAJ, BEILSTEIN Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



RUTH, WILLIAM G. ET AL: "Synthesis of 
poly(tert-butyld1methyls1lyl vinyl ether) 
block copolymers using sllyl aldol 
polymerization" 

POLYMER PREPRINTS (AMERICAN CHEMICAL 
SOCIETY, DIVISION OF POLYMER CHEMISTRY) , 
34(2), 584-5 CODEN: ACPPAY; ISSN: 
0032-3934, 1993, XP009040674 
the whole document 



1-61 



-/-- 



m 



Further documents are listed in the continuation of box C. 



□ 



Patent famiy members are feted In annex. 



* Special categories of died documenls : 

*A a document defining ihe general state of the art which Is not 
considered to be ot particular relevance 

•E* earler document but published on or after the international 
• filing dale 

•L* document which may throw doubts on priority claim (s) or 
which is cited to establish the publication dale of another 
citation or other special reason (as speeded) 

'OT document referring to an oral disclosure, use. exrubflion or 
other means 

*P* document published prior to the Internationa) rang date but 
later than the priority dale claimed 



"T* taler document pubDshed after the International filing date 
or priority date and not in conflict with the application but 
died to understand the principle or theory underlying the 
invention 

*X" document of particular relevance; the daimed Invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document Is taken alone 

'V document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skiUed 
in the art 

*&* document member of the same patent family 



Date of the actual completion of the international search 



1 December 2004 



Dale of ma fling of the International search report 



29/12/2004 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patenttaan 2 
NL - 2280 HV RQswQk 
Tel (+31-70) 340-2040. Tx_ 31 651 epo nl. 
Fax: (+31-70)340-3016 



Authorized officer 



Wirth, H 



Form PCT/1SA/210 (second shoe!) (January 2004) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Int er s m gi Application No 

PCT/US2004/024624 



C.(ContinusUon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, ot the relevant passages 



Relevant to claim No. 



ZHOU, Y0N6HUA; FAUST, RUDOLF: "Synthesis 
of po1y(1sobutylene-b-tert. -butyl vinyl 
ether) and 

po 1 y ( i sobuty 1 ene-b-tert . -butyl di methyl s 1 1 y 
1 vinyl ether) dlblock copolymers" 
POLYMER PREPRINTS (AMERICAN CHEMICAL 
SOCIETY, DIVISION OF POLYMER CHEMISTRY) , 
44(2), 661-662 CODEN: ACPPAY; ISSN: 
0032-3934, 2003, XP009040666 
the whole document 



1-61 



RUTH; BRITTAINS: "Silicon-mediated 
synthesis of new amphlphlUc oligomers" 
JOURNAL OF POLYMER SCIENCE, PART A 
CHEMISTRY, 

vol. 35, 15 January 1997 (1997-01-15), 
pages 163-170, XP002308518 
page 168, column 2; figure 1 

HADJIKYRIACOU S ET AL: "LIVING CATI0NIC 
HOM0P0LYMERIZATI0N OF IS0BUTYL VINYL ETHER 
AND SEQUENTIAL BLOCK C0P0LYMERIZATI0N OF 
ISOBUTYLENE WITH IS0BUTYL VINYL ETHER. 
SYNTHESIS AND MECHANISTIC STUDIES" 
MACR0M0LECULES, AMERICAN CHEMICAL SOCIETY. 
E ASTON, US, 
vol. 28, no. 23, 

6 November 1995 (1995-11-06), pages 

7893-7900, XPO00536361 

ISSN: 0024-9297 

page 7894, column 1 

page 7896, column 1; figures 8,7 



1-61 



Form PCT ASA/2 iO (oortinualion at second shoot) (January 2004} 



page 2 of 2 



